SUMMARY The clinical and pathological manifestations of multiple sclerosis are due to areas of demyelination which occur throughout the white matter of the central nervous system. MRI of the brain frequently shows abnormalities in the hemispheric subcortical white matter; these are demonstrable in the majority of patients and support the clinical diagnosis of multiple sclerosis. Our studies have shown that while MRI identifies such cerebral lesions in nearly all clinically definite multiple sclerosis patients with illness of duration greater than 10 years, these areas of abnormal T2 signal are present less often in the brains of patients studied within 3 years of disease onset. However, symptoms referable to the long tracts of the spinal cord are prominent in many of these patients. Imaging of the spinal cord has presented technical problems because of the small size of the cord, patient body, heart and respiratory movements, and limitations ofsurface coil technology. The spinal cord of 77 patients with multiple sclerosis have been imaged, revealing three types of abnormalities: (1) approximately half the cords show regions of abnormal T2 weighted signal; (2) during acute exacerbation, spinal cord enlargement (swelling) may be observed; (3) spinal cord atrophy (narrowing) is found particularly in patients with disease of longer duration and greater disability.
Unlike the presence of brain lesions, the existence of spinal cord lesions of high T2 signal is not associated with increasing duration ofdisease but is correlated with disability status. Of patients with such lesions about one fifth did not exhibit brain lesions discernible by MRI.
Multiple sclerosis is diagnosed by use of clinical criteria,' although neuro-imaging procedures are increasingly used as paraclinical confirmation of lesions.2 Magnetic resonance imaging (MRI) of the brain is considerably more sensitive than X-ray computed tomography, even with "double-dose" intravenous contrast, and demonstrates regions of abnormal T2 signal in the cerebral white matter of ultimately more than 90% of patients.? ' 5) . Our series exhibits some predilection for cervical cord involvement, even when corrected for the number of scans performed of each region; however, scan sensitivity in the thoracic cord may be lower, due in part to its smaller diameter. High T2 signal was seen in a total of 56% of patients: 49% of cervical and 47% of thoracic cords scanned. Each patient displayed from 0 to 4 lesions, for a total of 63 foci, with a mean of 0-82 lesions/patient, or 1 5 
plaques of demyelination in multiple sclerosis. It has a much higher sensitivity than X-ray computed tomography, even when performed with double-dose intravenous contrast.464 Without the characteristic periventricular white matter lesions exhibiting increased T2 signal, differential diagnosis must be extended to encompass more than demyelinating disease. Nonetheless, of our total group of 77 patients that met the Schumacher' criteria for multiple sclerosis, only 69% had brain lesions on MRI. These results are in the same range as our previous studies on other patients7"' although representing a somewhat lower figure than that found by some. 36 The abnormal areas of increased T2 weighted signal seen in the MRI studies presented cannot be interpreted with certainty to represent regions of active demyelination or gliosis. As with other radiological findings, the pictured abnormalities could arise from a variety ofaetiologies. In the CNS, increased transverse proton relaxation time (T2) usually represents increased tissue water content, which can reflect infarction, neoplastic or infectious processes, as well as inflammatory disease. The anatomical localisation, lesion shape, and contours, generated with different pulse sequences, as well as the clinical context and time-course, aid in radiological diagnosis. The abnormalities in the spinal cord usually involved discrete areas, often multifocal, and were entirely intra-parenchymal without evidence of extradural disease, consistent with findings of other investigators.23 32 Nevertheless, there are likely to be occasional cases, particularly those with spinal cord swelling or enlargement where intrinsic spinal cord tumour cannot initially be excluded. Since the risks of biopsy of the spinal cord are too high, X-ray CT, CSF analysis, and serial, longitudinal follow-up may provide greater diagnostic accuracy.
Much of the presenting and disabling symptomatology of multiple sclerosis corresponds to lesions usually associated with the spinal cord. '5 For Honig, Sheremata such patients, a significant percentage (56%) in our study had abnormalities on MRI of their spinal cord. Distributed throughout the neuraxis, these predominated in the cervical cord. This proportion and skewed topographic distribution is similar to that in another recent published series. 32 The uneven cervical share may be in part an artifactual consequence ofdecreased detection sensitivity in the thoracic region, or may reflect true cervical preponderance. The MRI findings show that it is possible to visualise not only cerebral demyelination but also the spinal cord plaques, wellknown to pathologists,' 3 3S but previously rarely discernible in the living individual. There is a subpopulation of patients, seen here and previously demonstrated in necropsy studies, in which there are spinal lesions (often together with optic nerve disease: Devic's syndrome) without established brain lesions. 3 3S Disability in multiple sclerosis is most often related to "long-tract" disease with its accompanying sensory, balance, and motor deficits. The subcortical cerebral white matter lesions thought by some to be mostly asymptomatic, do tend to increase in number and extent with increasing duration of disease, and may be related to cognitive deficits.36 Brainstem lesions are reflected in symptoms such as diplopia, vertigo, and dysarthria, and optic nerve demyelination as decreased visual acuity, colour desaturation, and scotomata. Kurtzke's disability status scale33 reflects the predominance of long-tract symptomatology with a weighting towards factors such as ambulatory capacity. Our MRI are in consonance with these observations. This study extends our prior results" indicating lack of substantial relationship between EDSS and MRI demonstrable disease of the brain. These results, however, complement antecedent studies by illustrating a significant relationship between EDSS and spinal disease manifest by MRI. Other studies (in preparation and ref 36) suggest there may be a relationship between cognitive and attentional deficits (rather than EDSS score) and cerebral white matter disease seen on MRI. And when the subpopulation of patients without spinal cord disease was alone considered, a weak trend for increasing disability (EDSS) with increasing cerebral MRI disease (VGS) remained: cerebral lesions do have a limited effect on disability. In this paper, duration of disease is once again disclosed as a significant correlate of MRI evinced brain disease. There was no relation of disease duration to spinal cord findings. In part, this likely reflects the prevalence of spinal cord symptoms as presenting traits in multiple sclerosis." ' Current limitations of MRI are due in part to physical factors precluding the imaging of patients with cardiac pacers, ferromagnetic aneurysm clips, metal prostheses, or other foreign bodies in critical Magnetic resonance imaging ofspinal cord lesions in multiple sclerosis locations, which might be subject to undesired movement, or heating effects, in addition to causing image degradation. Other shortcomings are caused mostly by movement artifacts secondary to cardiac and respiratory motions, and consequent CSF pulsations, in addition to the relatively long time periods (about 20 min) of motionlessness required for generation of a set of images. Improved technology using ECG-and respiratory gating,25 advanced pulse sequences, and thinner slice sections (decreasing volume averaging) increase sensitivity, resolution, and discriminatory power. Intravenous contrast agents such as gadolinium-DTPA3739 may allow detection of breakdown of the blood-brain barrier. This may improve detection of the plaques of multiple sclerosis, particularly during acute inflammation39 where contrast CT has heretofore been of some use, and allow better assessment ofdisease activity. Ultimately, use of proton chemical shift information through MRI-spectroscopy, and possibly use of other spin nuclei, may provide increased information. 
